collaboration between research groups at AtemEnergia SRL, the Enrico Fermi Centre in Rome, and the University of Padua, and Italian companies Unitek, Unica, and Piazzarosa.
The module exploits the mature technologies of automotive headlamps. The polycarbonate concentrator uses a single molding process, which has both optical and structural functions, and contains two symmetrical concentrating mirrors. It holds a pair of 3J cells and their respective passive coolers (which reduce temperature without using power). Each half of the 'twin' primary optics concentrates the sunlight onto the 3J cell of the farther receiver: see Figure 1 .
To achieve a uniform illumination profile using a reflector of small depth, we divided the mirrors into four sections, each illuminating the whole solar cell. We could then control potential hot spots on the target caused by deformations in the mirror. We could not completely avoid these irregularities, so we measured the real primary surface using a profilometer, and reconstructed the optics using ray-tracing software, a computer graphics tool that produces highly accurate images.
We then introduced a reflective secondary optical element (SOE) to collect marginal rays and to extend the angle at which incoming sunlight could be captured. Figure 2 shows the illumination profile after the reconstructed primary optics and the introduction of SOE. The 'Tilt x/Tilt y' planes show angular acceptance: see Figure 2 . This is defined as the maximum tilt angle at which the collected rays are 90% of those at the perfectly aligned concentrator.
One of the greatest challenges in designing the module was how to manage the high temperature of solar cells exposed to the intense sunlight. With a concentration ratio above 500 , there are more than 15W of heat to dissipate. We used a heat 'sink': a passive device that conducts heat away from the cell to maintain a temperature of less than 90 ı under all conditions. However, this approach is not cost-effective, and we continue to research and test thermal and electrical interfaces in the receiver as a means to dissipate heat. Specifically, we studied three interfaces: the first connecting the solar cell to the conductive support; the second between the conductor and the receiver base; and the third connecting the receiver and the heat sink. Our aim was to minimize the surfaces' thermal resistance, to draw away heat. We ran a flash test (using simulated sunlight) of the first interface, in which we compared open-circuit voltages (V oc ): see Figure 3 (a). The lower V oc indicates the lower thermal resistance. Changing the timescale and observing the same voltage it was possible to deduce other thermal resistances: see Figure  3 (b). We tested interface 3 by placing it between two metallic bars, heating one side, and taking the temperature difference to calculate the thermal resistance: see Figure 3(c) . Analyzing the data, we were able to select materials that would minimize both cost and cell temperature.
The concentrator prototype described is the basis of four 32m 2 demonstration trackers we installed in summer 2012: see 1000Wm 2 ). In designing the concentrator, our key considerations were compactness and modularity, since the system needs to be light enough to attach to a high-precision sun tracker.
In future, AtemEnergia will focus on integrating the system's mechanics with the heat sinks as part of a strategy to minimize costs. Our aim is to make CPV financially viable for private energy developers. Alessandro Saccà received his masters degree in Physics in 2011 and is currently a PhD student of the Industrial Engineering Doctoral School. His research focuses on design, manufacturing and characterization of non-imaging optics, particularly for CPV.
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